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Abstract
The Abelian sandpile model is the paradigm of a self-organized critical system
encountered very frequently in the nature. The subject of recurrent configurations
and the distribution of sizes of principal avalanches in the Abelian sandpile model
is an active and important in statistical mechanics. In this dissertation, we mainly
study the recurrent configurations, the sizes of principal avalanches and avalanche
polynomials of the Abelian sandpile model on finite graphs. This dissertation in-
cludes four chapters altogether.
In the first chapter, we introduce the fundamental concepts of graphs, some
backgrounds of the Abelian sandpile model on graphs and the main results of this
dissertation.
In the second chapter, we introduce recurrent configurations, Burning algorithm
and the bijections between spanning trees of a graph G and recurrent configurations
of the Abelian sandpile model on the graph G. Applying Burning algorithm and
the bijections between spanning trees and recurrent configurations of the Abelian
sandpile model, we determine recurrent configurations of some graphs.
In the third chapter, we study the sizes of principal avalanches, avalanche poly-
nomials and generalized avalanche polynomials of the Abelian sandpile model on
graphs. Firstly, we consider the relationship between the sizes of principal avalanches
of graphs with cutpoints and its subgraphs. From this relationship, we obtain the
explicit expressions for avalanche polynomials of graphs with cutpoints. Secondly,
we define a maximal avalanche sequence for a configuration of a sandpile model and
characterize some properties of the maximal avalanche sequence and the reachability














avalanche polynomials of Abelian sandpile model. Thirdly, applying the bijections
between spanning trees and recurrent configurations which were given by Biggs,
we obtain the sizes of principal avalanches of Abelian sandpile model on complete
bipartite graphs. Fourthly, we define generalized avalanche polynomials of graphs
and discuss the number of distinct vertices that topple at least once in a principal
avalanche. In addition, we give out the relationships between avalanche polynomials
and generalized avalanche polynomials of graphs.
In the final chapter, we discuss the statistic properties of Abelian sandpile model
on finite graphs. We establish the Abelian sandpile model on generalized two-rooted
trees. Applying the bijections between spanning trees and recurrent configurations
which were given by Biggs, we obtain exact expressions for various distribution
functions including the height distribution at a vertex and the joint distribution of
two root vertices.
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